Background: X-linked ichthyosis (XLI) is an inherited disorder due to steroid sulfatase deficiency (STS). Most XLI patients (Ͼ90%) have complete deletion of the STS gene and flanking sequences. The presence of low copy number repeats (G1.3 and CRI-S232) on either side of the STS gene seems to play a role in the high frequency of these interstitial deletions. In the present study, we analyzed 80 Mexican patients with XLI and complete deletion of the STS gene. Materials and Methods: STS activity was measured in the leukocytes using 7-[
Introduction
X-linked ichthyosis (XLI) is an inherited metabolism disorder resulting from steroid sulfatase (STS) deficiency (1) . XLI is characterized by dark, adhesive and regular scales of skin. STS enzyme presents ubiquitous distribution and is capable of hydrolyzing steroid sulfates (2, 3) . The STS gene spans more than 160 kb and is located on Xp22.3, close to the pseudoautosomal region (4, 5) . Most XLI patients present large deletions of the STS gene and flanking sequences (6) (7) (8) (9) (10) (11) (12) . The anonymous human genome clone CRI-S232 flanking the STS gene is composed of VNTRs and unique sequences. It has been suggested that the pattern of deletions observed in XLI patients is due to the presence of these low copy number repeats generating homologous recombination (13) .
Previous reports in several geographic areas indicate that there are no racial or ethnic differences in the deletion pattern of the STS gene in XLI patients (8, 9, 11, 12) . As there are no studies about the extent of the STS gene deletion and flanking markers in Mexican patients with XLI, the aim of the present study was to investigate the deletion pattern in 80 unrelated XLI patients.
Material and Methods

Patients
Sample included 80 unrelated cases referred as having ichthyosis to the Genetic Department of the General Hospital of Mexico. Forty-eight subjects corresponded to sporadic cases while 32 patients were familial cases. They were informed about the characteristics of the study and they agreed to participate. The protocol was evaluated and approved by the Ethics Committee of the General Hospital.
STS Assay
STS activity was determined in leukocytes of the XLI patients as follows: 10 ml of blood was obtained with a heparinized syringe. The leukocyte pellet was obtained through centrifugation and washed three times with 0.9% NaCl. STS assay was performed in the leukocyte pellet, which was homogenized in chilled 0.014 M Tris (hydroxymethyl-aminomethane buffer) with a polytron in two cycles of 20 s and 10 s, respectively. 7-[ Assay conditions were pH 7.0 at 37ЊC for 1 h in a final volume of 250 l of 0.014 M Tris buffer. The product of hydrolysis was recovered with benzene (Merck, analytical grade, Germany) and read in a scintillation spectrometer (14) . Each assay was performed twice with a normal male control included.
DNA Analysis
DNA extraction was performed as follows: 3 ml of blood were extracted with EDTA syringe and mixed with 3 ml of TTS buffer containing 10 mM Tris, 1% triton X100 and 300 mM sucrose (pH 7.6). After centrifugation for 6 min at 3000 rpm, supernatant was discarded and the leukocyte pellet was recovered. Then, the leukocyte pellet was mixed with 1 ml of TTS buffer and centrifuged for 2 min at 12,000 rpm, this last step was repeated twice. Leukocyte pellet was resuspended for 2 min in 570 l of 5 mM NaCl, then 30 l of 10% of SDS were added and vigorously homogenized. After 10 min, the sample was vortexed with 200 l of saturated NaCl for 10 min. The viscous mixture was centrifuged for 15 min at 12,000 g at 4ЊC. Supernatant with the DNA was transferred, precipitated with cold ethanol, dried and redissolved in water. The STS gene was analyzed by polymerase chain reaction, PCR. The conditions and primers to amplify sequences telomeric-DXS89-DXS996-DXS1139-DXS1130-5ЈSTS-3'STS-DXS1131-DXS1133, DXS237-DXS1132-DXF22S1-DXS278-DXS1134-centromeric of the STS gene are shown in Table 1 (15) (16) (17) . All procedures were repeated two times.
Results
All patients had undetectable levels of STS activity (0.00 pmoles/mg protein/h). Initial PCR analysis showed no amplification of 5' and 3' ends of the STS gene in all patients. PCR analyses of the flanking markers are summarized in Table 2 . Thirty-two XLI patients (40%) had the deletion pattern involving regions DXS1139 and DXF22S1. These regions have homologous sequences and represent one of the most CGT TCT CAA CAA TAG ATC ACG  50  166  R ACT TAC ATT GGC AAT GCA TCC  DXS996  F AAA TTC TTG CCT AGG CCA CTC TAG G  62  153-171  R ACG TTG TTC TGG ATC GTA TGC TAG G  DXS1139  F GCT TGG ATC AGG GCT GGA ATT AG  60  500  R TTA AAC AAG GGC CAT TCT GCA AG  DXS1130  F TGT CTC AAC CGT CAA GTC AC  60 CRI-S232 are interspersed on the X chromosome short arm flanking the steroid sulfatase locus (18, 19) . The presence of these low copy number repeats on either side of the STS gene, promoting unequal crossing over, seems to play a role in the high frequency of these interstitial deletions. CRI-S232 is present in the X chromosome with a high degree of polymorphism while its presence in the Y chromosome is non-polymorphic. CRI-S232 is divided into 4 regions (a-d) by various restriction enzymes. The regions b ϩ c contain tandem repetitive sequences, designated RU2 and RU1, respectively. RU1 is composed by heterogeneous repeating units 30 bp long while RU2 contains repeating unit 4 bp long with a low level of intra-repeat sequence variation (13) . Previous studies indicate that most XLI patients have entire STS deletions caused by recombination between the locus DXS1139 and the loci DXSF22S1 or DXS278. These loci contain homologous sequences and it is thought that this recombination may be due to the homology of these loci and to the presence of the VNTR sequences of the RU2 common deletion patterns reported in the literature (11, 12, 19) . In 25 XLI patients the breakpoints lied between loci DXS1139 and DXS278. These regions also have homologous sequences and have been involved in the breakpoints of a large number of XLI patients (22) . Twenty-three cases (29%) harbored heterogeneous rupture sites (Fig. 1) 
Discussion
About 90% of XLI patients present large deletions of the STS gene and flanking sequences. G1.3 and 
elements. The possible recombinogenic roll of some VNTR sequences has been previously reported (20, 21) .
In the present study, we analyzed a sample of 80 XLI patients with entire deletion of the STS gene and flanking sequences. We classified our patients in three groups according to their deletion pattern. Homologous sequences were involved in the first two groups. The first group of 32 subjects (40%) showed a deletion that included the loci DXS1139 and DXF22S1. Previous studies reported the implication of these loci in the rupture sites of XLI patients, although they harbored a very different percentage (Ͼ80%) (11, 12, 19) . In the second group of 25 patients (31%), the rupture sites lie in the regions DXS1139 and DXS278. These breakpoints were also reported by Yen et al., in approximately 88% of their patients (22) . It is important to state that we observed in these two groups rupture sites at the 3' flanking sequence of the STS gene at different loci, DXS22S1 and DXS278. The fact that these loci are involved at a similar percentage rate could be attributed to the presence of different polymorphisms in the regions DXS22S1 and DXS278 in our population. Further analysis will be required to discard this hypothesis.
On the other hand, we had a third group of 21 subjects with heterogeneous breakpoints that excluded these homologous sequences. In this group, homologous recombination was not responsible for generating these interstitial deletions of the STS gene and flanking sequences. Although heterogeneous breakpoints have been observed in previous reports, the number of patients has been too small for comparison with our third group. We do not know the mechanism that generates these deletions, but our data indicate that the presence of homologous loci or VNTR sequences is not the only mechanism playing a role in the high frequency of these interstitial deletions in Mexican patients. More refined studies will be necessary to clarify these findings.
In conclusion, we report three different deletion patterns in XLI patients in Mexican population. In two groups the sequences DXS1139 and DXSF22S1 or DXS278 were involved while the third group presented a heterogeneous deletion pattern. These data indicate that homologous recombination is present in most XLI patients in the Mexican population as previously reported for other ethnic groups. Nevertheless, a third group with a heterogeneous deletion pattern shows that probably other mechanisms, besides homologous recombination, are promoting the entire deletion of the STS gene and flanking sequences in XLI Mexican patients. 
